: : : Again modified Marshall test method was adopted for ratio design in the premise of preparation of waterborne epoxy resin modified emulsified asphalt (epoxy emulsified asphalt for short), the road performance of epoxy emulsified asphalt mixture was evaluated from aspects of initial strength, molding strength, high temperature performance, low temperature performance and water stability, which were compared with that of matrix asphalt mixture and SBS modified asphalt mixture. Results show that the molding strength of epoxy emulsified asphalt mixture reaches up to 13.2kN, which is far bigger than that of matrix asphalt mixture and SBS modified asphalt mixture. Dynamic stability of epoxy emulsified asphalt mixture meets the requirements of high temperature stability of hot mix modified asphalt mixture, low temperature stability and water stability are approximately equal with ordinary hot mix asphalt mixture.
INTRODUCTION
With the increase of service life, a variety of early pavement diseases occur on the highway constructed in early times, in order to reduce the impact on traffic, a great deal of pavement maintenance is needed. However, ordinary hot asphalt mixture is difficult to use in the situation of low temperature, which resulting in difficulty in implementation of timely repairing measures and further deterioration of pavement [1] [2] [3] . Therefore, the research of cold patch asphalt mixture has important significance.
At present, some scholars at home and abroad have done great deal of researches of cold patch asphalt mixture. For example, Li Feng [4] adopted the adhesiveness test, penetration test for evaluating the performance of cold repair asphalt mixture, and proposed the evaluation index and the technical requirements of cold patch asphalt mixture. As a new type of pavement cold patch material, epoxy emulsified asphalt mixture overcomes the weaknesses of ordinary hot mix asphalt mixture, which is environmental-friendly, and can be used in construction in low temperature conditions, it is effective way to solve the above problems. Therefore, it is necessary to study the performance of epoxy emulsified asphalt and its mixture [5] [6] . However, due to the lack of ample research on it at home and abroad, the research on the pavement performance of epoxy emulsified asphalt mixture is far behind than that of the ordinary asphalt mixture and conventional modified asphalt mixture. Therefore, modified Marshall test method was adopted for epoxy asphalt emulsified mixture ratio design; strength was evaluated by analyzing the relationship between initial strength , water content rate and the amount of slag; the molding strength of epoxy emulsified asphalt mixture and matrix asphalt mixture, SBS modified asphalt mixture are compared; the rutting test, bending test at low temperature, immersion Marshall test and freeze-thaw splitting test were adopted to evaluate the road performance of epoxy emulsified asphalt mixture which was compared with that of matrix asphalt mixture and SBS modified asphalt mixture by using performance evaluation method of hot mix asphalt mixture.
RAW MATERIALS
The selected raw materials include: emulsion (as a modifier) composed by epoxy resin and curing agent according to a certain proportion and emulsified asphalt. The curing agent is one kind of the polymerization curing agent, compared with the polybasic amine curing agent, it is easy to use and volatile little. Emulsified asphalt is prepared by SK-90 matrix asphalt and GYZ-01 emulsifier and emulsified asphalt is produced already, the proportion of asphalt and water is: 50:50. The preliminary research showed that the properties of the epoxy emulsified asphalt is excellent when the dosage of the emulsified asphalt, the water based epoxy resin and the curing agent are 85%, 3% and 12% respectively. Epoxy resin and curing agent were mixed evenly according to a certain proportion, and they were poured into a certain amount of emulsified asphalt, stirring for a few minutes, the epoxy asphalt emulsion was finally prepared.
EPOXY EMULSIFIED ASPHALT MIXTURE RATIO DESIGN 2.1 Aggregate gradation
The gradation of cold patch mixture is inconsistent with specifications in China, the AC gradation series are widely used, in order to make cold patch mixture and original pavement materials consistent and make epoxy emulsified asphalt mixture used widely, the AC-13 gradation was used, specific results are shown in Table 4 . 
Determination of the amount of mixing water and slag
Amount of slag affects the coverage ratio of emulsion on the main aggregate and the void rate of mixture, amount of mixing water affects the compaction effect of mixture. Therefore, observation experiment was adopted to determine the optimal dosage of slag and mixing water. The test results show that when the amount of slag， mixing water are 6%, 6%, the workability of the mixture is well.
Determination of the initial dosage of epoxy emulsified asphalt
The initial amount of emulsion can be determined according to type (1) .
In type: P--Percentage of emulsion used in dry weight of aggregate (%);
A --Percentage of aggregate bigger than 2.36mm in total aggregate amount (%); B --Percentage of aggregate between 0.075 and 2.36 mm in total aggregate amount (%);
C --Percentage of slag in total aggregate amount (%).
The initial dosage of epoxy emulsion asphalt: 0.06 × 66+0.12 × 28+0.2 × 6=8.52%
Determination of optimum dosage of epoxy emulsified asphalt
Because of the different characteristics of epoxy emulsified asphalt mixture with ordinary emulsified asphalt mixture: high strength, the curing time and curing temperature have a great influence on the curing reaction. Therefore, the ratio design method should be modified again based on the emulsified asphalt mixture ratio design method and formed again modified Marshall test method. The main points of the method include: compaction times was increased from 50 times to 75 times which was consistent with hot mix asphalt mixture and made the actual engineering compaction function consistent with hot mix asphalt mixture; high temperature curing temperature was increased from 110 to ℃ 120 ℃ ; curing reaction time was determined as 6h. Specific operation: when making specimen, both sides were compacted 35 times after the mixture being mixed into the mold, specimens should be compacted 40 times after being cured for 24 hours under normal temperature for initial strength and being cured for 24 hours under normal temperature after mold unloading; specimens should be compacted 40times after being cured for 24 hours under 120℃ for molding strength and being cured for 24 hours under normal temperature after mold unloading. The physical and mechanical indexes can be determined after being cured. Marshall stability can be index to evaluate specimens' strength, Marshall stability measured under the condition of normal temperature can be used to evaluate the initial strength, Marshall stability measured under the condition of high temperature can be used to evaluate the molding strength.
According to the initial dosage of epoxy emulsified asphalt, five dosages of 7.5%,8.0%, 8.5% and 9.0%, 9.5% were selected, specimens were molded according to the again modified Marshall test method and corresponding indexes were measured under specified conditions after being cured, results are shown in Table 2 . The test results were analyzed, and the optimum amount of the emulsified asphalt was 8.3%.
INDOOR ROAD PERFORMANCE RESEARCH
There was no standard in China for epoxy emulsified asphalt mixture road performance evaluation, so the hot mix asphalt mixture requirements were used to evaluate the performance in the paper. At the same time, in order to study the road performance of epoxy emulsified asphalt mixture better, it was compared with the matrix asphalt mixture and SBS modified asphalt mixture.
Strength evaluation
(1) Initial strength evaluation Specimens were molded and cured according to again modified Marshall test method, the specimens were compacted under the condition of 20 , test results were shown in Figure 1 As shown in Figure 1 , the initial strength of epoxy emulsified asphalt mixture increased and then decreased with the increase of water content. When the water content was 6%, the initial strength reached maximum value, mainly because suitable water content makes the aggregate surface fully wet for emulsion spreading and dispersion on the material surface, thereby the strength of the mixture was increased. But when the water content was too much, there was too much free water which was not conducive to the bond of epoxy emulsified asphalt and aggregate, and caused the loss of the emulsion, so that the strength of the mixture decreased.
We can see from Figure 2 that the initial strength of epoxy emulsified asphalt mixture increased with the increase of slag. Mainly because with the increase of the amount of slag, distribution of epoxy bitumen emulsion in the mixture was more uniform.
(2) Evaluation of molding strength Specimens were molded and cured according to again modified Marshall test method, the specimens were compacted after being immersed in water for 30min at 60℃. The test results were shown in Table 3 . Initial strength(kN)
Amount of slag(%)
mixture was the second, and the matrix asphalt mixture was the smallest. Ihe results indicated that epoxy resin played a great role.
High temperature performance evaluation
Specimens were molded according to the method of hot mix asphalt mixture, then specimens were cured at 120℃ for 48h, rutting test was used to measure the dynamic stability, the specific test results were shown in table 4. From table 4 we can see that dynamic stability of epoxy emulsified asphalt mixture reached up to 8212.1 (times/mm) and met the requirements of hot mix asphalt mixture dynamic stability, and far greater than SBS modified asphalt mixture and matrix asphalt mixture, which indicating relatively good rutting resistance of epoxy emulsified asphalt mixture.
Low temperature performance evaluation
The low temperature performance of asphalt mixture was evaluated by bending test, and the specific test method was carried out according to T0715-1993 in JTJ052-2000. The results of the test were shown in table 5. From table 5 we can see that the low temperature performance of epoxy emulsified asphalt mixture had little difference with the matrix asphalt mixture and SBS modified asphalt mixture.
Water stability evaluation
The stability of epoxy emulsified asphalt mixture was determined by using water immersion Marshall test and freeze-thaw splitting test, specific test results were shown in Table 6 . There was no provision about the splitting strength ratio of epoxy emulsified asphalt. Hot mix asphalt mixture was required to be not less than 70% in the arid and semi arid regions, so it was reasonable to recommend that the freeze-thaw splitting strength ratio of epoxy emulsified asphalt mixture be greater than 70%.
